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Abstract 
The growing textile industries face challenges to up-cycle and recycle their textile wastes into useful industrial products. There is 
a lack of study on recycled textile applications in buildings. This paper aims to explore the process of textile recycling technology 
for spatial design application. The objectives are to investigate innovative design solutions from the activity of recycling 
(process) textile waste. The methodology used in this study is from case studies. The case studies reviewed material products, 
innovative space and design strategies. The findings highlight effective design aspects to be applied in the proposed design.  
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1. Introduction 
Currently, the Malaysian textile industry is facing some challenges to produce non-hazardous solid textile waste 
that can be recycled as required by consumers and local authorities. It is inevitable that a more sustainable practice 
in textile manufacturing is needed towards creating zero waste by recycling and repurposing textile waste materials 
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into usable products such as building materials. Recycling practices, in turn, would reduce the dependency on 
primary resources and ensure a more sustainable approach to living (Latif et al., 2013; Latif et al., 2012). The need 
for new product applications to sustain the textile industry can be highlighted through innovative exhibition spaces 
that incorporate innovative solutions. This extra space in a recycling centre can create visual opportunities to 
promote more business in recycled product innovations. A review of the literature revealed a lack of study on 
recycled textile applications in buildings and innovative spatial design that utilise recycled textiles as building 
materials. 
2. Literature review 
2.1. Recycled textile 
Textile recycling is a process that provides employment, helps charity, avoids the heavy environmental cost of 
sending the solid wastes to landfills and collects clothing for the needy (Hawley, 2006)  Textile wastes such as from 
fibre, textile and clothing can be sourced from the community, manufacturing industry and consumers. These are 
also known as pre-consumer, post-consumer and industrial textile waste (Caulfield, 2009). According to Caulfield 
(2009) industrial textile wastes are by-products of the commercial and industrial textile wastes such as curtains, 
carpets, and hospitality applications. Pre-consumer waste consists of rejected materials also known as “clean waste” 
from the production of finished yarns and textiles including garments and footwear and nonwovens textiles.  
Meanwhile, post-consumer textiles, often known as “ dirty waste”, are collected mixed with other household 
items including both natural and synthetic materials, such as wools, silks, rayon, woven nylon, cotton, polyesters 
and other material blends (Parks, 2014). The recycling of waste from textile helps to conserve resources and reduce 
the use of landfills. Moreover, the reasons for the public’s willingness to participate and economic market adoption 
in recycling should be considered, as public participation is essential for effective recycling (Diah, et al., 2012). 
Besides, the success of the market depends on the customers’ requests for recycled goods and the awareness level of 
the community.  
The practice of textile waste recycling is common in many countries such as United Kingdom, Germany, United 
States and Australia. Programmes have been used to boost a positive behaviour for recycling in schools using 
tickets, coupons, contests and payment as lottery prizes to gather public residential participation in recycling 
programmes (Burn, 1991). Recycling has become a necessity, to protect the environment (Ismail et al., 2013; (Sule 
& Bardhan, 2001). In 2008, the Malaysian textile industry was the fifteenth largest producer and ninth largest in 
Asian Region. Not surprisingly, in Malaysia, the increase is apparent in water pollution caused by the textile 
industry. Other countries like Germany and the United Kingdom, which have the best textile recycling systems and 
new products made from recycled textiles, are collaborating with partners across the globe (Ishfaq, 2013). In recent 
times, they develop the formula and recycling facilities for textile waste to encourage public participation.  
A study by Ishfaq (2013) on a German textile recycling company, I: CO (SOEX GROUP), showed a system set 
as the best example for sustainable textile recycling. The convenience of enhanced techniques that is more energy 
efficient and less costly necessitates the cooperation of talented expertise of public-private-academia (Wang, 2006). 
During the sorting process, the materials are stacked according to the condition and types of textile waste, and fibre 
categories (apparel, home furnishing and industrial). 
Recycling technologies are divided into primary, secondary, tertiary, and quaternary approaches (Reis, 2009). 
These four approaches subsist for fibre recycling. However, there were several types of products being recycled to 
new products using mechanical, chemical and biological methods. Because of these, the consumption energy and 
additional raw materials should be considered (Wang, 2006). Collaboration or teamwork among different levels of 
an organisation is necessary to solve these issues. 
2.2. Product innovation 
In Malaysia, the recycling of waste from textiles materials has become a trend in the fashion industry. Some 
items are made of recycled garments. The initiatives started during H&M’s Garment Collecting event in 2013, 
where the customers who handed in their used garments were offered in-store discounts (Yusup, 2014). Through the 
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event, the company had successfully collected 3.5 million kilograms of used clothing worldwide. According to the 
retailer, the efforts were done as the long-term solution to close the loop on textiles. “Closing the loop” means post- 
consumer waste should be recycled and turned into a new product (Yusup, 2014).  
The production of polyester has increased over 50% from nonwoven industry and generated more waste every 
year (Lou, Lin, & Su, 2005). In the UK, numerous products have been developed and designed by Anglo Felt 
Industry and cooperated with academic institutions expertise to apply their knowledge. The outcome of innovation 
in recent years has been notable. Their turnover has improved by 50%. Now, the Anglo Felt Industry provides an 
extensive variety of technical goods for an increasing range of market application including insulation material from 
recycled carpets 
Recently in the UK, a study on recycled polymeric granulates and fibres discovered that post-consumer material 
wastes can be made into acoustic insulation and other physical properties (Rushforth, Horoshenkov, Miraftab, & 
Swift, 2005). Insulation products with recycled content are as effective as conventional insulation (Nakano, 2007;    
Miraftab et al. 2005). Textiles are developed and turned into new products to serve a specific purpose. Today, our 
industrialised companies are using textiles for purposes other than making garments. Fibres known as end-of-life 
textiles can be effectively recycled (Gulich, 2006).  
Designers in Germany are accountable for waste production for downstream products such as clothes and interior 
finishing. There are collaborations between clothes-making industry and enterprises, involved in processing and 
finishing production wastes that are suitable to be re-used. Today, Germany is using the best textile recycling 
systems by collaborating with more than ten partners across the globe (Ishfaq, 2013). Many products are created and 
produced due to improved technology that helped in recycling processes. Blends of many types of textile produced 
from the same polymer (e.g. PP fibre material and PP film or coating) are single-material composite systems that are 
also highly recyclable (Gulich, 2006). Polymers are also one of the recycled textiles that can be processed together 
with other material as long as it is produced and well marketed. Synthetic polymers such as polyester, polyamide or 
polypropylene that are made into products can be recycled using the thermo-chemical method.  
Fortunately, there is a factory in Negeri Sembilan that collects mineral water bottles and recycled them into 
polyester fabric (Yusup, 2014). The resulting products from this polyester are uniforms for factory workers. Another 
example of a by-product from polymer recycling is canvas. Canvas is an extremely heavy-duty fabric with plain-
woven texture. Canvases are being developed by a German enterprise from the “single composite system in a closed 
raw material cycle” (Gulich, 2006). Also, regarding environment ecological response, they had proven these 
materials are made from 100% recyclable material of polyolefin (Gulich, 2006). We can use canvases several times 
because end-of-life canvases can be returned to the manufacturer to form a new material cycle. The processes to 
manufacture similar canvas are cleaning, cutting and compacting; then agglomerate is added to the coating. The 
canvas mass consists of 15% recycled material produced during manufacturing.   
2.3. Innovative space for interaction and community engagement 
A study of design space in recycling textile centre should include the spatial layout of the recycling process that 
relates to the innovative installation of a designed exhibition space. The spatial element needs to be considered 
carefully to showcase innovative products and also promote the success stories of recycled textile products. Besides, 
design space can create different kinds of activities to promote business innovation (Bertola & Teixeira, 2003). 
Innovative installation is one of the new methods for the exhibition space. However, other spaces needed to ensure 
the success of textile recycling process are the laboratory and office workspaces. According to research on 
innovative spaces focusing on workspace planning, Toker and Gray suggested the important role of the innovation 
process through spatial factors such as when planning for educational and industrial buildings for an innovative 
future and economic development (Toker & Gray, 2008).  
Meanwhile, spatial organisation is also a factor that can make people understand installation interactively. The 
best interactive space is the connecting space between two locations. Users of the interactive gallery should get the 
experience of engaging with the interactive display installations. Nevertheless, it would be interesting as an 
architectural design approach to incorporate multimedia in a physical space, such as sound, visuals and spatial 
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significance. This approach has been evaluated for works of multimedia installation art and interactive space (James 
& Nagasaka, 2011).  
2.3.1. Workspace  
An innovative working space is a valuable asset to a company. Most of our working time are spent at our 
workspace area. Furthermore, workspaces that encourage innovation and creativity to produce innovative products 
such as recycled textile should be explored. An important aspect of becoming more creative in the workspace is 
through community interaction among the employees (Toker & Gray, 2008). Other research communities have 
deliberated on the characteristics of innovative workspace over the years. A new design direction in workspaces is 
the open-plan offices with cubicles (Toker & Gray, 2008). A three-ring chain: workspace, consultations, and 
innovation process outcome are presented to construct the best conceptual planning relationships. These 
constructions support innovative process on how workspaces relate to faster exchanges of ideas and information 
among co-workers.  
2.3.2. Living labs 
A living lab is a worker centred, innovative environment, built on realistic activities where all partners have 
access to the open process of innovating products. It is based on user experience. For a living lab to operate 
sufficiently, the main characteristics of living labs should be put in place. Living labs provides a good application to 
improve their sector operations. There are several living lab practices that could make technologies accessible to the 
users (Niitamo, Kulkki, Eriksson, & Hribernik, 2006) as follows: 
i. The environment must bring together various organisations to utilise the technology  
ii. The focus creates innovative applications based on existing technologies. 
iii. Ability to sustain interested people for long operations of systematic innovation environment. 
Figure 1 shows the ability of interactions between the users of living labs from other supplier-customer 
partnerships. This living labs concept is based on optimising the interrelationship of business, technology and the 
users by having access to shared data. This concept is in agreement with the prediction by Kamil et al. (2013) where 
the future focus on product innovation would be on finding a platform between technology know how and people 
behaviour. 
 
Fig.1. Diagram of living labs across several dimensions 
(Source: Niitamo et al., 2006) 
2.3.3. Material industry 
Collaboration between trades, academic and industries is important for the new type of building environment. 
However, there is a place where there are collaborations between commercial, learning and researches space, at the 
new MRC (Material Resources Center) in Fleet Library at Rhode Island School of Design (Pompelia, 2012). The 
creation of new approach in teaching and learning new resources in an innovative space challenge the traditional 
concepts. The students learn in spaces equipped with visual resources and digital collection in a studio setting. The 
MRC collaborates with innovative material design industries such as Material Connexions Company and also with 
educational schools. Educational schools that MRC partnered with are those based on engineering or architectural 
X 
User 
Business Technology 
529 Sabarinah Sh Ahmad et al. /  Procedia - Social and Behavioral Sciences  234 ( 2016 )  525 – 535 
environments, such as the Materials Lab at the School of Architecture at Texas University where they conduct 
studies on the construction industry and properties of sustainable products.  
3. Aim and objectives 
This paper aims to explore the potential for the application of recycled textile and innovative spatial design 
strategies for an exhibition space in a recycling centre. The objectives of this paper are to investigate recycled textile 
applications in buildings, to study the green design strategies employed in the case studies, and to propose suitable 
design aspects for an interactive exhibition space that utilised recycled textile materials. 
4. Methodology 
The research adopted a case study approach where analysis and proposition were drawn based on a few selected 
projects.  This approach fitted the research objectives that aim for an exploratory of ideas. The subjectivity in 
choosing the case study and analysing the data are the research limitations. The study uses the qualitative approach 
(Ahmad et al., 2015) by comparing nine case studies. One case study involved collecting primary data through on-
site observation while eight case studies are based on secondary data. The data collected from the case studies are 
reviewed and compared with three design aspects, namely the use of recycled textile contents in buildings, 
innovative spatial design and design strategies in table matrix format. Finally, these components are integrated 
together in a matrix table for design aspects. 
 
Fig.2. Matrix table for design aspects 
5. Results and discussion 
The analysis of the results showed ten most applied design aspects: topography, site, target users, concept, space 
planning, public/private delineation, building design, façade treatment, and typology. The buildings chosen for the 
case studies are designed to create active communication and creativity among the occupants. The scale and level 
complexity of the building in the case studies could influence the decision-making process for design solutions as 
not all the parameters need to be applied in a design solution. A matrix in table format is used to capture various 
aspects of the study. The observations made during the actual site visit indicate the functions of the physical spaces 
and products through actual process of textile recycling. 
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Table 1 shows the descriptive comparisons of innovative spaces applications for recycling activities between the 
Case Studies A, B and C from the design solution aspects.  The summary column noted the innovative space criteria 
in the buildings as well as the differences and similarities between the three buildings. In terms of spatial planning, 
although there are different design spaces, they are mainly designed to create active communication and creativity 
except at Ipekyol Textile Factory.  In Case Study B, the architects applied their new design solutions by creating 
dynamic changes where the research space merges into the office space to encourage communication, exploration 
and creativity. 
As for the working environment aspect, courtyards, living labs and material library are three spatial design 
aspects applied separately in the three buildings. Based on the comparisons of the case studies, the findings have 
captured various aspects of the study and also the design issues. The ranking of each case study was determined and 
categorised through comparison of case studies and other sources of the literature review.  
   Table 1. Comparisons of innovative spaces applications between the case studies 
Innovative 
Space 
Case Study A Case Study B Case Study C Summary 
Type of 
Building 
Factory  
Year completed: 
2010 
Office and laboratory  
Year completed: 2012 
Material supplier Three types of building 
selected to investigate design 
solution from recycling 
activities  
General 
Overview 
Ipekyol Textile 
Factory in Edirne, 
Turkey.      Architect: 
SERA Architect  
Project area: 
60386.9m²  
The Centre for Virtual 
Engineering (ZVE) in 
Stuttgart, Germany. Architect: 
Ben Van Berkel               
Project area: 60386.9m²  
Material ConneXion in 
New York, United States.  
Founder: Michele Caniato. 
Case Study C is not a 
designed building.   
Program and 
Activity 
Textile factory 
productions and 
administration. 
Working office space and 
laboratory with a public 
exhibition space. 
Material libraries offer 
services and advice for 
several parties such as 
manufacturers, designers 
and researchers. 
Three different programmes 
are integrated to create 
innovative spatial design 
requirement.  
Space 
Planning & 
Flow 
Both activities are 
under one roof.  
The architects have a new 
design solution by creating 
dynamic changes. They created 
a new type of office where the 
research space merges into the 
office space to encourage 
communication, exploration 
and creativity.  
They use various 
communications, organise 
fairs and exhibitions, and 
create newsletters, which 
are accessible to the public.  
Although there are different 
design spaces, mainly they 
are designed to create active 
communication and 
creativity except in Ipekyol 
Textile Factory.    
Size & 
Height of 
Space 
Double volume 
spaces 
Every level had a floor level. 
No double volume space. 
Some of the spaces are 
double volume because of 
the panel material height. 
This study is based on photos 
and diagrams. 
Working 
Space 
Environment 
The special about this 
building are five 
internal courtyards, 
as well as garden and 
light wells give each 
other to access the 
spaces. 
There are several labs in the 
"Urban Living Lab". The 
Fraunhofer scientists examine 
interaction processes at the 
"Mobility Innovation Lab" and 
the "Immersive Engineering 
Lab". The "Workspace 
Innovation Lab" provides 
equipment and methods for the 
design of urban infrastructure. 
The unique aspect of this 
case study program is the 
material library, which is 
where research and 
documentation take place 
where one can touch the 
materials and get to know 
the features up close. They 
provide information and 
advice according to 
consumers' enquiries. 
Courtyards, living labs and 
material library are three 
special design aspects 
applied separately in the 
three buildings. 
 
Table 2 shows the comparison of textile recycling factories between German and Port Klang, Malaysia. The 
workflow of recycling textile for both case studies is similar. Both have textile waste collection areas and each 
factory has a warehouse. The textile wastes are sorted for charity, resellers and recycled into rags. Both factories 
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employed different systems in terms of technology, with Germany being more technologically advanced than 
Malaysia. Both factories collaborate with resellers and charity organisations to generate income.  
So far there is yet any collaboration with commercial collectors in Port Klang. In Germany, active collaboration 
with commercial collectors is in place. H&M collects the used clothes and give vouchers to consumers. Their 
business partners are Adidas, Adler Alles Passit, Bingo, Blackout, Carharit, C&A and Foot Locker. In terms of 
commercial reseller, they both generate income by selling second hand clothes with affordable price. They also 
export to overseas clients.  For the creation of products, the German company has a process machine to transform 
waste textiles into new materials.  
Table 3 shows that the UK and Germany’s industries are more advanced in technology than Malaysia, and they 
produce innovative products in infrastructure, furniture and installation. 
    Table 2. Comparison of textile recycling factories between German and Port Klang, Malaysia 
 
Recycled textile 
production 
Germany 
CASE STUDY D 
Port Klang, Malaysia 
CASE STUDY E Summary 
Factory of recycling textile 
(SOEX GROUP and I: CO) 
Factory of recycling textile 
(Brackwell Sdn. Bhd. and Life 
Line Clothing) 
Two countries for the case studies to 
achieve the best solution for waste 
textile-recycling process. 
The flow of 
recycled textile 
manufacturing 
process 
Collection points from many 
German cities. 
Collection points from Klang 
Valley, Meru, Shah Alam, 
Ampang, Bentong (Pahang), 
Teluk Intan (Perak). 
The flow of recycling textile process 
for both case studies is similar 
 
Collection transport using truck 
recycling collectors. 
Collecting transport using a lorry 
or container truck. 
Both have textile waste collection areas 
Textile recycling plant mainly as 
a warehouse. 
The warehouse is in Port Klang. Each factory has a warehouse 
 
Textile waste sorted for charity 
and retailer shops. Sensors are 
used to count the clothes given by 
the customer and then gives them 
a voucher.  
Textile waste sorting is divided 
into three which for charity, 
resellers and recycled into rags. 
Textile wastes are sorted for charity, 
resellers and recycled into rags. 
 
Innovative technology system to 
sort used clothes. They use a lot 
of used textiles for recycling. 
The system is manually done, and 
a small amount of textile waste is 
collected. 
Different systems are in place, but 
Germany is more advanced than 
Malaysia. 
Collaborations SOEX GROUP partners with I: 
CO, H&M and Charity Star 
mainly. They have many partners 
involved with different functions 
including business partners to 
generate income.  
Brackwell Malaysia collaborates 
with Lifeline Clothing and Bagus 
Bundle for 2nd hand market. 
ResourceCO mixes them with 
other materials to produce 
engineered fuels for cement kilns.  
Both collaborate with resellers and 
charity organisations to generate 
income. 
Commercial 
collectors  
H&M collects the used clothes 
and give vouchers to consumers. 
Their business partners are 
Adidas, Adler Alles Passit, Bingo, 
Blackout, Carharit, C&A, Foot 
Locker, etc 
So far still no mention collaborate 
with commercial collectors.  
Commercial collector, so far still no 
collaboration with commercial 
collectors in Port Klang compared with 
Germany. 
Commercial 
resellers 
H&M has a connection with 
German companies. They collect 
and make new clothes from 
second hand clothing. 
Bagus Bundle is a second-hand 
chain store based in Malaysia and 
Indonesia. 
They generate income by selling 
second hand clothes with affordable 
price. They also export to overseas.   
Products  Insulation materials, Geo Fleece, 
carpet underlays, rear shelves for 
cars, stuffed toys & shoe insoles 
Rags, recycled toys, bags, used 
clothes, curtain, and shoes.    
The German company has a process 
machine to transform waste textiles 
into new materials  
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       Table 3. Innovative products in German, Port Klang and United Kingdom 
Innovative products 
German 
Case Study D 
Port Klang Malaysia 
Case Study E 
United Kingdom 
Case Study F 
Summary 
Infrastructure    ⁄ UK and Germany’s industries are 
more advanced in technology than 
Malaysia, and they produce innovative 
products in infrastructure, furniture 
and installation.  
Furniture  ⁄  ⁄ 
Installation  ⁄  ⁄ 
Cleaning rags  ⁄ ⁄  
 
Table 4 shows eight green design strategies employed in Case Studies G, H and I, namely site ecology, atrium, 
passive ventilation, water conservation, green areas, building material, efficiency elements and sun shading. Case 
Study G is a good example in terms of energy efficiency as it saves 45% of energy consumption.  
      Table 4. Comparison of case studies (Design strategies) 
Design Strategies Case Study G Case Study H Case Study I Summary 
General overview Oregon Health & Science 
University in Portland, 
U.S.                     
Architect: SERA 
Architect               
Building type: Education     
Project area: 60386.9m²      
Year of completion: 2014 
University of Queensland 
in Brisbane, Australia. 
Architect: HASSELL 
Architect               
Building type: Education     
Project area: 3865m²            
Year completed: 2013 
Singapore National 
Research Foundation in 
Singapore.         
Architect: CREATE 
Architect               
Building type: National 
Research Centre 
Project area: 65032m²        
Year completed: 2013 
These three case 
studies have been 
recognised as 
sustainable building 
benchmark rating. 
Site ecology Four seasons climate.   
Site in an urban area. 
Considering planted 
vegetation and make 
green roofs. 
Humid subtropical 
climate. Site in an urban 
area.  
Tropical climate.            
Site in an urban area. 
The surrounding area is 
full of trees.  
All three sites are in 
urban areas. 
Atrium design Huge atrium is 5-storey 
tall. Indoor atrium design 
and allowed classroom 
receive filtered daylight. 
The atrium acts as 
‘building lungs’, because 
of natural ventilation will 
converge at the atrium. 
Open atrium design.  Each building has an 
atrium located at the 
centre with different 
sizes and approach. 
Passive ventilation  The glass louvers 
encourage natural 
ventilation across space at 
the central atrium acts as 
‘building lungs’. 
Natural cross ventilation 
building surrounded by 
the outdoors. The 
centralised ventilation is 
integrated with HVAC 
for indoor. 
Natural ventilation 
applied for both case 
studies to bring in the 
wind into indoor 
spaces in the atrium. 
Water 
conservation  
Achieve 60% water 
saving. Stormwater 
management to capture 
100,000 gallons to flush 
toilet and medical use. 
Rainwater saves 60,000L 
of water used, recycled 
and treated internally.  
By using condense 
stormwater system and 
recycled water. 
These case studies 
were using rainwater, 
stormwater and 
recycled water system 
to generate the 
building. 
Horizontal green 
areas 
Green area at the rooftop 
and landscaped areas 
surrounding the building. 
Greeneries planted 
horizontally in the atrium.  
Green wall on the 
double storey building. 
Green garden landscape 
at ground level. 
Horizontal and 
vertical green areas on 
and surrounding the 
building.  
Building material 
and finishes 
The walls are clad with 
panels of different 
colours. The envelope 
boasts above-code 
insulation, high-
performance window. 
The walls are clad in 
concrete panels and 
operable sun shading 
system. 
The structure of the 
building is made of 
concrete and steel 
framed façades. The 
building envelope is 
made up of fully glazed 
walls. 
Building material and 
finishes are mostly 
made of concrete  
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Energy Efficiency  The building achieved 
45% energy saving using 
high-performance 
lighting, day lighting, 
occupancy control, low 
ventilation fume hood 
and improve building 
envelope. 
The building is referred as 
‘living building’ and GCI 
recognised it with a 6 
green star rating as an 
innovative and 
sustainable building 
solution. 
90% of reduction of 
portable water by 
reusing condensate, 
stormwater and recycled 
water. 
Case Study G is a 
good example in terms 
of efficiency elements 
because it can save in 
45% energy. 
Sun shading Using operable design 
sun shading.  
Building features an 
operable sun shading 
system that tracks the sun 
& protect glass louvers to 
support natural 
ventilation. 
Using photovoltaic 
shading as external 
shading and also 
installed on the building 
façades  
These case studies 
applied sun-shading 
devices differently. In 
Case Study H, the 
sun-shading device 
can move following 
the sun movements. 
    Table 5. Comparison between case studies and design aspects 
No Design Aspects Innovative Space Recycled textile Design Strategies 
Location 
Case Study 
IPEKY ZVE MC GER PORT UK OHSU UQ SNRF 
CS A CS B CS C CS D CS E CS F CS G CS H CS I 
1 
Programme- 
Public & Private 
4 
 
3 
ۻ 
5 
ۻ 
5 
ۻ 
5 
 
2 
 
5 
ۻ 
3 
 
3 
 
2 Space planning 
5 
 
4 
ۻ 
5 
ۻ 
5 
ۻ 
3 
 
3 
ۻ 
5 
 
3 
 
3 
 
3 Building design 
5 
ۻ 
4 
ۻ 
0 
 
0 
 
0 
 
0 
 
5 
ۻ 
5 
ۻ 
4 
 
4 Façade treatment 
3 
ۻ 
5 
ۻ 
2 
 
0 
 
0 
 
0 
 
4 
ۻ 
5 
 
3 
 
5 Target user 
5 
ۻ 
3 
ۻ 
5 
ۻ 
5 
ۻ 
5 
ۻ 
5 
ۻ 
5 
 
2 
 
3 
 
6 Topography 
5 
ۻ 
3 
 
0 
 
0 
 
0 
 
0 
 
4 
 
3 
 
2 
 
7 Site 
4 
ۻ 
4 
 
0 
 
5 
ۻ 
2 
 
3 
 
4 
 
3 
 
2 
 
8 Concept 
5 
ۻ 
5 
ۻ 
2 
 
5 
ۻ 
0 
 
0 
 
3 
ۻ 
5 
ۻ 
3 
 
9 Typology 
4 
ۻ 
5 
 
0 
 
3 
 
0 
 
0 
 
4 
 
4 
 
5 
ۻ 
10 Construction 
3 
 
3 
 
0 
 
0 
 
2 
 
0 
 
4 
 
3 
 
3 
 
*Ranking  Æ  0 = not related, 1 = poor, 2 = fair, 3 = good, 4 = very good, 5 = excellent. 
 
Table 5 shows that in terms of best practices of the design aspects, Case Studies A and G are ranked as buildings 
with the most effective design aspects. Third best ranked is Case Study B while 4th best ranked is Case Study H. The 
building with the least applied design aspects is the recycling factory in Port Klang. The top three most effective 
design aspects in all buildings are the consideration for the target users, the delineation between public and private 
spaces, and good space planning. The least visible design aspects are topography and construction. Most of the case 
studies lack information on topography and detailed construction data. Hence, these two aspects could not be highly 
ranked. 
In summary, the results of comparison between the case studies and design aspects proposed criteria are for 
interactive exhibition spaces using recycled textile materials for the purpose of public use. The different case studies 
were ranked according to design aspects to be applied in a proposed design of a recycling centre in the next phase of 
the study, which is not covered in this paper. Furthermore, the chosen criteria that have been implemented in the 
proposed design are marked with black stars.  
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6. Conclusion and recommendations 
As a conclusion, the objectives of this research have been achieved to propose suitable design criteria for 
innovative, functional spaces for the production of new products for the community and the stakeholders. Moreover, 
to fulfil the needs or demands by consumer trends from recycled materials in textile products. One of the objectives 
of this research is to investigate possible design solutions from the activity of recycling (process) textile waste in 
terms of innovative architectural spaces. The related activities of recycling textile waste for industrial applications 
have been applied in different design approaches. Then, it is also incorporated into the proposed interactive 
exhibition space using recycled textile materials for the purpose of public use. As an approach for stakeholders and 
the community to interact positively, the interactive exhibition would be a space for the creation of new knowledge 
and innovation using recycled textile materials to create new products. The findings that ranked the effective design 
aspects have achieved the research objective.  
Future research could follow the same line of inquiry using more robust instruments to capture richer data using 
an in-depth case study approach. In the future, there will be more experimental products from recycled textile waste 
industry in line with the technology that will keep high awareness level and knowledge between the industry and the 
community. 
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